INTRODUCTION
Mytilid mussels are widely distributed on hard or semi-consolidated substrata throughout most of the oceans, and include species that have been extensively used as biomonitors of environmental water quality (e.g. Phillips, 1985; Bourgoin, 1990) . Their success as dominant space occupiers, however, is perhaps most pronounced in exposed or moderately wave-exposed locations in temperate seas, particularly on horizontal or gently-shelving rocky substrata (Seed & Suchanek, 1992) . Mussel beds, which can range from a complete cover of mussels to a mosaic of patches or 'islands' of different size, typically exhibit high levels of production, often rivalling other highly productive systems such as tropical rainforests and kelp beds (Leigh et al., 1987) . Mussels are keystone consumers and bioturbators and their ability to selectively filter and process large quantities of suspended material (seston) can profoundly influence the dynamics of coastal and estuarine systems, with consequent implications for local patterns of biodiversity. As structurally and functionally complex entities mussel patches thus provide refuge and suitable habitat for a broad suite of associated organisms that include representatives from most of the main invertebrate phyla (e.g. Suchanek, 1980; Jacobi, 1987; Tsuchiya & Bellan-Santini, 1989; Ong Che & Morton, 1992; Peake & Quinn, 1993; Lintas & Seed, 1994) .
R. SEED MUSSEL BED COMMUNITIES

The macroinvertebrate fauna
Mussel beds can often attain considerable thickness and the living and dead mussel shells also significantly increase the surface available for colonization. Within the mussel matrix light, temperature and wave action are significantly reduced whilst sediment loading and relative humidity are increased, thus affording greater protection for those organisms with more restricted tolerance to these environmental factors (Seed & Suchanek, 1992) . The associated biota typically comprise three major functional categories with some overlap between the groups. Epibiotic organisms grow on the mussel shells, mobile or nestling species occur throughout the complex matrix of shells and interconnecting byssal threads, whilst infaunal taxa inhabit the organic rich sediments and accumulated shell debris at the base of the matrix and include those organisms that are more typical of soft sediment environments. A significant proportion of the sediments occurring within mussel beds is actually produced directly, as faeces and pseudofaeces, from the biological activities of the mussels themselves. These biodeposits encourage microbial growth and provide a substrate for colonization by meiofauna, thus further enhancing species richness. The specialization that derives from the microhabitat differences encountered by the associated fauna thus frequently results in a predictable stratification of species throughout the mussel matrix. Table 1 documents the number of macro-invertebrate taxa associated with several rocky shore mytilids, together with some of the dominant species found within these mussel communities. Whilst these data cannot easily be scaled for sampling effort it is nevertheless interesting to note that, with the exception of My tilus californianus Conrad, a much larger-bodied mussel which forms particularly thick multilayered beds, the number of associated taxa is broadly comparable between species. Moreover, functionally similar species, often within the same genus (e.g. Lasaea, Hyale, Typosyllis) regularly recur in mytilid communities world-wide. Although a wide diversity of macro-invertebrate taxa occurs within these communities, crustaceans, polychaetes, and gastropods, and to a lesser extent bivalves and chelicerates, are typically well represented ( Figure 1 ). However, considerable variability in the proportional abundance of these predominant taxonomic groupings exists both within and between individual species of mussels. Nemerteans and nematodes are often numerically abundant in mussel patches but only rarely are these taxa identified to species or genus.
Small-scale spatial variations in biodiversity
Species richness and diversity amongst the fauna associated with Mytilus edulis L. at several physically contrasting sites on a wave-exposed shore in North Wales are compared in Table 2 . Both of these indices decrease systematically with tidal elevation and are also significantly depressed in mussel patches located in high shore tide pools. Inclination of the rock surface has little or no apparent effect on diversity. Smaller mussel patches generally support fewer taxa per unit area and have a lower diversity than larger and presumably therefore more spatially complex areas of the established Table 1. mussel bed. Although it is evidently unusual to attach statistical significance to measurements of species diversity (Magurran, 1988) differences in the Shannon index between the most and least diverse assemblages are highly significant, as are those between communities from flat rock surfaces in the upper and lower shore (f=ll-32 and 10-06 respectively; both at P<0-05). Similar small-scale spatial variations also exist amongst the molluscan fauna associated with the Indo Pacific mytilid Septifer virgatus (Wiegmann) ( Table 2) ; again, differences in the Shannon index between the most and least diverse assemblages are highly significant (f=15-05; P<0-001).
In Mytilus californianus and M. edulis beds species richness and diversity have been shown to be correlated with the age and structural complexity of the mussel matrix, whilst species richness also correlates with tidal level and mussel patch size (Suchanek, 1985; Tsuchiya & Nishihira, 1985 , 1986 . Positive species-area relationships have also been reported for the macro-invertebrate fauna within clumps of Brachidontes (= Austromytilus) rostratus Dunker (Peake & Quinn, 1993) . Suchanek (1979 Suchanek ( , 1980 ) studied the colonization of artificial mussel clumps of varying degrees of structural complexity in a series of field experiments. The most important ultimate factor promoting biodiversity was the physical structure of the mussel matrix, and this in turn was a function of tidal elevation, age of the mussel bed, and the relative degree of wave exposure. Within one year, artificial mussels attracted an associated community equivalent to that found in natural mussel beds of comparable structural complexity. Furthermore, some of the one year old artificial beds had diversity levels that were at least equal to those of real beds which were estimated to be 8 to 20 y old. Thus, as mussel beds age, they become increasingly complex thereby providing additional microhabitats and food resources which allow the subsequent colonization and survival of more specialized species. Despite their generally high levels of biodiversity, mussel communities are typically dominated by a few very abundant species. Figure 2 illustrates the rank abundance of the fauna associated with M. edulis and S. virgatus. The abundance of each species within the community is plotted on a logarithmic scale against the species rank in order from the most to the least abundant species. The overall distributions are similar for both communities and indicate high dominance by a few common species. In the case of S. virgatus this applies not only to the total fauna but also to the molluscan fauna when this is considered separately. This dominance is even more apparent when the abundance of the ten commonest species within these communities is plotted as a cumulative percentage (Figure 2, inset) . More than 90% of the molluscan fauna associated with S. virgatus (29 species) for example, is comprised of three small bivalves -Hormotnya Lintas & Seed (1994); Seed & Brotohadikusumo (1994) .
mutabilis Gould (37%), Isognomon legumen Gmelin (30%) and Lasaea cf. nipponica (27%).
These dominant taxa, however, are not uniformly distributed throughout the local mussel population. Lasaea, in particular, exhibits marked variations both within and between sites indicating that this small brooding bivalve, which releases its young directly into the established population, is very patchily distributed. Similar highly localized patterns of abundance have previously been reported for Lasaea populations elsewhere (e.g. Seed & O'Connor, 1980; Lintas & Seed, 1994) .
Temporal variations in biodiversity
In addition to the spatial variations that exist amongst the fauna associated with mussel patches, temporal variations have also been reported. Over a two year study period Ong Che & Morton (1992) found large fluctuations in the population densities of the macro-invertebrates associated with Septifer virgatus, but no clear evidence for any seasonal patterns in diversity or species richness. Peake & Quinn (1993) , however, recorded significantly fewer species within clumps of Brachidontes rostratus during autumn and summer compared with winter and spring (Figure 3) . Thus, whereas 200 cm 2 mussel patches supported -27 species during the spring only -15 species were present during autumn. The absence of any significant seasonal differences in the total number of individuals present within these patches, however, strongly suggested that the overall density of organisms within any given clump may be largely fixed by the availability of resources such as food and space.
CONCLUSIONS
The macro-invertebrate communities associated with mussel patches in the rocky intertidal zone can thus exhibit significant temporal and small-scale spatial variations in diversity and abundance. Such variations, which probably reflect the stochastic nature of settlement and mortality that often typifies many marine species with planktonic larvae (e.g. Underwood & Fairweather, 1989; Raimondi, 1990) should be fully recognized when considering global patterns of marine biodiversity. Comparisons of these communities based on samples collected at single points in space and time clearly need careful interpretation.
